The efficiency literature, both using parametric and non-parametric methods, has been focusing mainly on cost efficiency analysis rather than on profit efficiency. In for-profit organisations, however, the measurement of profit efficiency and its decomposition into technical and allocative efficiency is particularly relevant. In this paper a newly developed method is used to measure profit efficiency and to identify the sources of any shortfall in profitability (technical and/or allocative inefficiency). The method is applied to a set of Portuguese bank branches first assuming long run and then a short run profit maximisation objective. In the long run most of the scope for profit improvement of bank branches is by becoming more allocatively efficient. In the short run most of profit gain can be realised through higher technical efficiency.
The measurement of profit efficiency and its decomposition into technical and allocative components has been performed, in the context of non-parametric methods (best known as data envelopment analysis (DEA)), through two different approaches. One of the approaches uses ratios of profit to measure various types of efficiency (see e.g. Berger and Mester, 2000; Banker and Maindiratta, 1988) , and the other calculates efficiency based on the adjustments required to move both inputs and outputs 1 to the technical efficient frontier, or to the maximum profit frontier. The latter approach may use alternative models (hyperbolic A final remark concerns the fact that the profit efficiency analysis presented in this paper is part of a wider study where other dimensions of performance are considered. Operational efficiency is also being measured (the extent to which a bank branch increases its customersÕ base, improves its sales, and performs basic transactions, given its environment and level of staff), while at the same time efficiency measures (operational and profit) are being compared with service quality, an increasingly important dimension in service organisations like banks.
In the next section the main steps required to decompose profit efficiency according to the GDF approach are put forward. Some extensions to the original approach are developed here to accommodate some specificities of the data set. In Section 3 the methodology is applied to the data, and Section 4 analyses short run profit maximisation by introducing additional constraints in the profit model. Section 5 concludes the paper.
The GDF is defined in (1), where h i represents the ratio between a target input and an observed input i ðx 
Depending on the target points considered in (1), the final GDF may be measuring profit efficiency (if targets are maximum profit), technical efficiency (if targets are technically efficient), and allocative efficiency (if targets are maximum profit and observed points are replaced by technical efficient points). Note that under specific circumstances the GDF efficiency measure reduces to well known efficiency measures in the DEA literature. For example, when target points are computed radially the GDF reduces to h if input orientation is used, or to 1=b if output orientation is used, corresponding to the well known Farrell input and output efficiency measures, respectively.
The use of the GDF for profit efficiency measurement requires (according to Portela and Thanassoulis (2002) ) a multi-stage procedure, that is summarised below.
1. Calculate maximum profit targets and use GDF in (1) to calculate overall profit efficiency; 2. Calculate technically efficient targets and use GDF in (1) to calculate technical profit efficiency; 3. Calculate allocative profit efficiency either by decomposition, or using the GDF in (1) where the two points to consider are the maximum profit target and the technical efficient target; 4. Decompose allocative profit efficiency into scale and mix effects.
Each of these steps will be shortly detailed next. Calculate maximum profit targets and overall profit efficiency The model used to calculate maximum profit is presented in (2) (see e.g. F€ are et al., 1990, 1994) , where input and output quantities ðx i ; y r Þ are the choice (endogenous) variables, and output and input price vectors (p and w) are assumed exogenously fixed 3 for each unit o being assessed. 
Model (2) assumes a variable returns to scale (VRS) technology as it could not yield a finite solution if the technology exhibited globally increasing returns to scale (IRS) (profit would be maximised at infinity) or constant returns to scale (CRS) (profit may also be maximised at infinity or the profit hyperplane may intersect the efficient frontier at the origin (maximum profit is zero)). There are two important implications of assuming VRS in model (2): (i) We do not assume perfectly competitive markets since under this assumption all firms have zero profits in the long run, while in (2) maximum profit may be positive; (ii) Maximum profit units do not need to be most productive scale size (mpss) units in the sense of Banker (1984) . That is, maximum profit units do not need to be scale efficient (see also Kuosmanen, 1999) .
The level of outputs y r and the level of inputs x i that maximise profit in (2) are the targets used in (1) to calculate overall profit efficiency. The overall profit efficiency compares, therefore, the observed point with the maximum profit target and it can take any positive value (see for details Portela and Thanassoulis, 2002) . A value of 1 is a necessary but not sufficient condition for the assessed unit to be maximum profit. A GDF overall profit efficiency equal to 1 indicates that the geometric average change in inputs equals the geometric average change in outputs, which might happen when the two points being compared are the same or not. Therefore, the necessary and sufficient condition for overall profit efficiency is that the maximum profit point is coincident with the observed point in which case the overall profit efficiency measured by GDF will be 1. Because of the averaging process within the computation of the overall profit efficiency through the GDF it is necessary to further decompose it, so that one can better understand and interpret its value.
Calculate technically efficient targets and technical profit efficiency The computation of technical efficient targets can be done through any model that leads to a Paretoefficient point as long as it is non-oriented. 4 However, in order to identify targets that are easier for the unit being assessed to achieve we propose a procedure that finds closest targets (CTs) (for details see Portela et al., 2003) . The reasons for selecting CTs relate with these being more practicable for the units to attain and more in line with the way management exercise judgment in general. In addition, most of the non-oriented technical efficiency models in the literature tend to maximise the distance from the observed point to the technically efficient target point (for details see Portela et al., 2003) , meaning that production units are not shown in their best possible light.
The CT procedure of Portela et al. (2003) requires the identification of facet members, which are determined through the use of QHull.
5 In a second step, model (3) is solved for each inefficient unit in relation to each Pareto-efficient facet (F k ) (see Petersen, 1996, 2002 ; on the use of QHull for finding efficient facets in a DEA model).
Model (3) yields Pareto-efficient targets whose distance to the observed point (measured by the sum of normalised slacks:
Technical profit efficiency is then measured as the GDF distance between the observed point and the technical efficient point that is its CT. Calculated in this way the technical profit efficiency component ranges between 0 and 1. A value of 1 means the observed point is Pareto-efficient, while a value below 1 means the observed point is not Paretoefficient.
Note that in moving from the observed to the technical efficient target (as given by model (3)) the mix within inputs or within outputs is not necessarily preserved, but eventual changes in mix in such a movement are not sought to in any way reflect factor prices.
Calculate allocative profit efficiency Since overall profit efficiency ¼ technical profit efficiency · allocative profit efficiency, allocative profit efficiency can be obtained dividing the overall profit efficiency by the technical profit efficiency. Alternatively, allocative profit efficiency may be calculated applying the GDF between the technical efficient point as resulting from stage 2 and the maximum profit point obtained in stage 1.
The allocative profit efficiency reflects movements from a technically efficient point ðx 0 ; y 0 Þ to a maximum profit point ðx Ã ; y Ã Þ. Such movements imply changes in the mix of inputs and/or outputs that are dictated by factor prices. However, movements from a technical efficient point to a maximum profit point may not only imply changes in mix but also changes in scale size. Note, for example, that in the single input/output case all allocative profit inefficiency is in fact scale inefficiency (Lovell and Sickles, 1983) .
The interpretation of allocative efficiency values will be undertaken next, when we show how allocative efficiency can be decomposed into mix and scale effects and interpret each of these components.
Decompose allocative profit efficiency Following Portela and Thanassoulis (2002) we isolate the scale and the mix components of the allocative profit efficiency through model (4). 
In constructing model (4) we assume that scale effects resulting of movements from the technically efficient point ðx 0 ; y 0 Þ to the maximum profit point ðx Ã ; y Ã Þ (which is also technically efficient) exist when we can increase (decrease) all inputs proportionally and all outputs proportionally without going ÔaboveÕ the maximum profit point (and therefore: y i ; cy 0 r Þ will lie on the free disposable hull of the maximum profit point, since at least one input and one output will be equal to that of the maximum profit point with the remaining inputs being no lower and the remaining outputs being no higher.
Model (4) provides ÔradialÕ (measured through a and c) and Ônon-radialÕ adjustments (measured through the s r and e i ) required to move from a technical efficient to a maximum profit point. The radial adjustments reflect scale effects (given directly by a=c), while the non-radial adjustments reflect changes in the mix of inputs and outputs. Note that in order for scale effects to exist one needs to have both a and c P 1 or both a and c 6 1. In fact having simultaneously a value of c > 1 and a < 1 implies a movement from the technically efficient point to a point outside the production possibilities set, which is not a viable movement since the scale adjusted point would not lie on the free disposal hull of the maximum profit point. Having simultaneously a value of c < 1 and a > 1 results in a movement towards technical inefficiency, that reduces profit rather than increasing it, which is not coherent with the profit maximisation objective. Therefore. if it is not possible to find in (4) values of a and c that point to movements in the same direction, then one would conclude for the non-existence of scale effects in moving from a technical efficient point to a maximum profit point and therefore all allocative efficiency would be due to mix changes.
When scale effects can be identified through model (4), if a=c is higher than 1 then it means that in moving from the technical efficient point to the maximum profit point the assessed unit would experience an average increase in inputs that is more than proportional to the average increase in outputs. Thus decreasing returns to scale (DRS) are implicit in this movement. If the value is lower than 1, then IRS are implicit in the movement.
When scale effects do exist, the pure mix effect of the allocative profit efficiency can be calculated through the GDF where the points considered are the scale adjusted point and the maximum profit point. As from model (4) y Ã r P cy 0 r and x Ã i 6 ax 0 i , then the maximum profit point has higher outputs and lower inputs than the scale adjusted point meaning that the mix effect (reflecting the GDF distance between these two points) cannot be higher than 1. Therefore, for the situation where scale effects do exist an allocative profit efficiency, which is the product of scale and mix effects, when greater than 1 would be the result of a scale effect greater than 1. Such a scale effect is not favourable for the production unit from the pure technological perspective, but may be so from a profit perspective.
When scale effects cannot be identified from model (4), all allocative efficiency is due in this case to changes in the mix of inputs and outputs. Therefore, an allocative efficiency measure
greater than 1 means that the geometric average change in inputs is higher than the geometric average change in outputs in moving from the technical efficient point to the maximum profit point. This means that this movement in fact implies a decrease in the physical productivity of the unit being assessed as will become clear in the next section. Such movements may not be advisable from a pure technological perspective, though they are so from a profit perspective. Values of the allocative efficiency lower than 1 mean that the geometric average change in inputs is lower than the geometric average change in outputs and therefore such movements are advisable both from a profit and from a technological perspective.
The above procedure for calculating and decomposing profit efficiency is applied in the present paper to a sample of Portuguese bank branches. The data at hand requires, however, a development on the above procedure that relates to finding maximum profit when some factor prices are unknown.
Model (2) assumes that prices are known for each factor included in the computation of maximum profit. In practice, however, some prices may be unknown. In this situation, a commonly used assumption is that prices are equal for all production units (see e.g. F€ are et al., 1990) . Being this so, the calculation of maximum profit can be equivalently undertaken through the use of price and quantity information (when prices are known), or cost and revenue information (when prices are unknown).
Under the assumption of equal prices for all units the maximum profit model (2) turns out to be equivalent to model (5), where R r ¼ p r y r , C i ¼ w i x i , R rj ¼ p r y rj , and C ij ¼ w i x ij (see F€ are et al., 1990 ; who proved this equivalence).
As stated in (5) the model needs to be solved only once, and maximum profit is equal for all DMUs. Model (5) corresponds to the extreme case where no prices are known for any factor. It may however be the case that prices are known for some factors and unknown for others. In this situation we can think of a mixed profit maximisation model of the type shown in (6), where unknown prices are assumed to be equal for all production units.
Unknown prices and profit effciency measurement max kj;yr;xi;Rr;Ci
Considering R r ¼ p r y r and Ci ¼ w i x i , where p r and w i are assumed equal across all units the equivalence between this model and the maximum profit model (2) can be easily proved (we omit the proof here for sake of brevity). Maximum profit targets are useful for calculating overall profit efficiency, which is usually disentangled into its technical and allocative components. The use of a ÔmixedÕ maximum profit model does not pose a problem for this task as the variables to be used in the technical and allocative models are also the quantities of inputs and outputs for which prices are known and the costs and revenues associated with inputs and outputs for which prices are unknown. In our case the technical efficiency model in (3) is modified to (7).
Assuming equal prices we have that P
k j y rj ¼ y ro þ c ro y ro , which proves the equivalence between constraints using revenues and constraints using quantities of outputs, when prices are assumed equal across production units. For the input case the proof is analogous.
The measurement and decomposition of profit efficiency follows the approach outlined in Section 2, and uses the input and output variables listed in Table 1 .
These variables are consistent with the intermediation approach of bank branchesÕ activities as discussed in Athanassopoulos (1997) and Berger et al. (1997) .
Apart from the ÔquantityÕ variables specified in Table 1 , price data were also available for staff (average salaries) and for all the outputs. We used the variables in Table 1 to compute two types of efficiency: Application to bank branches technical and overall profit efficiency. For the technical profit efficiency measurement we used the variables as specified in Table 1 . For calculating overall profit efficiency we used the ÔquantityÕ data specified in Table  1 plus price information for all the variables in this table, except for supply costs (see Section 2.1). The chosen inputs are intended to capture two major sources of costs to bank branches (staff and supply costs). Apart from these inputs, interest costs could also have been considered since they are an important source of costs to bank branches. However, the bank could not supply interest costs directly but only indirectly through the prices of the outputs. Indeed, output prices are net interest rates that account for the active and passive interest rates. In this sense the product of output prices and output quantities results in net interest revenue, i.e. interest revenue minus interest cost.
The outputs specified in Table 1 are intended to capture the major sources of revenue to the bank branch. This revenue is obtained by multiplying the value of the various items considered on the output side by the price of these outputs (net interest rate). The products we consider on the output side are current accounts, other resources (which includes term deposit accounts, emigrant accounts, investment funds, savings insurance, etc.), and credit. The bank under analysis distinguishes between two types of credit: directly by the bank and by associates. The former consists of all types of credit that the bank itself provides, while the latter consists of special types of credit that the bank provides through associate companies (like leasing or factoring credit).
An important output that is not included in our analysis is non-interest revenue. This is an increasingly important output since competitive pressures on bank profits have led bank branches to create other sources of revenues through commissions and fees (see e.g. Isik and Hassan, 2002) . Unfortunately the bank was not able to supply this output and therefore we could not use it in our analysis.
Output prices provided by the bank are average net interest rates that were, therefore, assumed equal for all bank branches. The assumption of equal output prices amongst bank branches may be seen as a limitation of our approach but in fact rates do not vary much between branches. This is because rates charged to clients are set within centrally specified narrow ranges. Assuming branches have similar mix of clients the rates they earn from them will be on average similar.
The profit efficiency approach was applied to a set of 57 bank branches all located in the north region of Portugal. The data used to illustrate the approach refers to the month of April 2001. Table 2 shows some statistics of our data in April, where monetary values are expressed in thousand Euros. As the models used are not standard we created our own codes in GAMS.
Maximum profit was calculated using model (2) rendering branch B16 as the sole profit efficient unit for all branches under analysis. This may be a result of similar output prices across bank branches, which does not allow for much discrimination in terms of profit maximising units (the only price that varied across branches was the price of staff--average salaries). In order to check for the sensitivity of the maximum profit solution to changes in prices, we simulated price differences by adding to the original output prices of each branch a random number varying between 0 and 0.02. Note that our prices are net interest rates that range from 0.0059 for credit by the bank to 0.0419 for current accounts. 6 The results from our simulated prices are very similar to those with constant prices. With simulated prices branches B17 and B16 appear most of the times as the profit maximising units. In some attempts only B17 was identified and in other attempts only B16 was identified as profit maximising. This fact seems to suggest that our results are not very sensitive to the fact that equal prices across branches were used for outputs. 6 Credit has lower interest rate than current accounts because the bank considers a risk factor included in the interest rate of credit.
Some results of profit effiency and its components
Technical profit efficient targets were calculated through the CT procedure detailed earlier. Model (3) was solved for each facet identified by QHull and the minimum value across facets was chosen as the solution providing the CTs for the unit being assessed.
In order to analyse some of the information resulting from assessments of profit efficiency let us look with more detail to branch B8 in Table 3 . In this table we show the target levels that render this branch, technically efficient and profit maximising.
The GDF overall profit efficiency of branch B8 is 37.68%. This value is obtained by applying (1) to measure the distance between the observed point and the maximum profit target. The GDF distance between the CT and branch B8 renders a GDF score of 81.83%, which is its technical profit efficiency score. Allocative profit efficiency can be simply calculated as the ratio between overall profit efficiency and technical profit efficiency, which equals 37:68% 81:83% ¼ 46:042%. The decomposition of this allocative measure of efficiency into a mix and scale effect through model (4), results in a value of a of 2.496011, and a value of c of 3.662867. This gives a scale effect of 0.6814 (2.496011/3.662867) and a mix effect of 0.6757. The mix effect reflects the distance between the scale adjusted point (shown in Table 3 ) and the maximum profit point.
Note that branch B8 has a very low overall profit efficiency, which is mostly due to a very low allocative efficiency (46.042%) rather than to technical efficiency (81.83%). In addition, the low allocative efficiency is a result of a low scale effect that shows an IRS movement from the technical efficient point to the maximum profit point (on average outputs increased more than proportionally with inputs), and a low mix effect that shows still great changes in mix from the scale adjusted point to the maximum profit point.
Detailed results for all bank branches under analysis are shown in Table 4 . In this table we show the GDF efficiency score for overall profit efficiency and for its technical and allocative components, as well as the scale and mix effects of allocative efficiency. In addition, the level of profit at the observed, the technically efficient, and the maximum profit point for the input/output prices of each bank branch are also shown in this table.
As mentioned before, overall profit efficiency and allocative profit efficiency can be higher than 1. This situation happened only for one bank branch in our sample (B28) as can be seen in Table 4 . Branch B28 is technically efficient, and no scale effects can be identified in moving from the observed level of inputs and outputs of B28 to those of the maximum profit branch (B16). This means that all overall profit inefficiency of B28 is explained by allocative inefficiency, which reflects very dissimilar product mixes between these two branches. In order to better understand why allocative efficiency is in excess of one for B28, consider an ¼ 1:202 times higher than the productivity at the maximum profit point. For the case of branch B28, movements from the technical efficient point to the maximum profit point involve trade-offs of such an order that may not be in fact advisable or even possible.
Results in Table 4 show an average profit inefficiency of 39.43% (measured as the absolute deviation of the GDF profit efficiency from 1), this value being mostly explained by allocative inefficiency (average allocative inefficiency is 27.39%) and less by technical inefficiency (average technical inefficiency is 17.01%). This means that though units are relatively close to the technical efficient frontier, this frontier is far away from the maximum profit plane resulting in high allocative inefficiencies. The average scale effect of the allocative efficiency is 1.0243, which indicates that on average inputs increased more than outputs in movements from technical efficient projections to the maximum profit point. This fact indicates average DRS in such movements, but these are not very marked as the scale effect value is very close to 1. The mix effect (averaging 71.5%), on the other hand, seems to be the main reason for the low allocative efficiency.
Note that depending on the way technical efficient targets are calculated the technical efficiency and allocative efficiency components will differ. Under the CT procedure used in this paper we are asking a lower effort of production units to move to the production frontier than under, for example, the additive model. Thus for a given level of profit efficiency, CT-based technically efficient targets result in lower allocative efficiencies than when efficient targets are calculated through the additive model. Every path towards the production frontier can be used within our framework, and each one is valid for calculating technical efficiency. Nevertheless, one needs to be aware of the implications the path chosen has on the resulting measures of technical and allocative efficiency.
The above analysis considers only changes in inputs and outputs measured through the GDF. For the bank, however, it is important to translate the GDF results into profit gains arising from movements towards technical efficient or maximum profit targets. Profit ratios or differences provide interesting insights into this analysis. Let us consider for example branch B17. Its actual profit (which is also technical efficient profit) is about 663.9 thousand Euros, and its maximum profit is very close to it: about 677 thousand Euros. This seems to suggest that the profit efficiency of this branch is very high. However, analysing the overall profit GDF measure we see that its value is small (67.76%). This means that, in order to move from its actual position to the maximum profit point, branch B17 needs to change considerably its mix of inputs and/or outputs (in fact all profit inefficiency in this case is explained by mix effects). Such a change in the mix of operations might be questioned by units whose profit is already close to maximum profit.
The overall profit gain obtained by moving from observed points to maximum profit points is the sum of the profit gained by moving from observed points to technical efficient points and the profit gained by moving from technical efficient points to maximum profit points. Overall profit gains (on average 336.34 thousand Euros) are in our case mainly attributed to allocative movements (average gain of 294.867 thousand Euros) rather than technical movements (average gain of 41.5 thousand Euros). While the increase in profits obtained from the elimination of technical inefficiency might be possible to achieve in the short run, those accruing from the elimination of allocative inefficiency might be unrealistic in the short run as they imply a considerable change in inputs and outputs of the production units (as reflected in a large value of GDF allocative inefficiency). This means that more realistic profit maximising targets should be imposed, so that bank branches can in fact strive to achieve maximum profit targets rather than just technical efficient targets. This issue is the subject of the next section.
The maximum profit model presented previously assumes that all factors are variable. This is a usual assumption in long run profit maximisation, but in the short run some factors may not be possible to change and should therefore be considered fixed (see e.g. F€ are et al., 1990 ). In our case, bank branches have a limited scope to change production factors in the short run. This means that there are no fixed factors, but bank branches cannot increase or decrease production factors by more than certain amounts. The idea of maximum profit under constraints was explored in F€ are and Grosskopf (1994) (see also F€ are et al., 1994, Chapter 10) where the authors put forward cost, revenue, and profit models with additional constraints. These models are called ÔindirectÕ cost and revenue models. The use of constrained maximum profit was also put forward by Cooper et al. (2000) . These authors used the additive model to decompose overall profit gains into those attributable to technical and allocative sources. The models used had additional bounds on the slacks ''so that the resulting projections do not go far from the observed values and remain in managerially and technically allowable ranges'' (Cooper et al., 2000, p. 225) .
In the present case we impose some bounds on target inputs and outputs, so that these targets are attainable in the short run. Note that imposing bounds on each input (or output) is related to imposing a budget constraint (or revenue constraint), where each of the terms forming the total cost (or total revenue) are considered individually. For example, a constraint imposing that target inputs should be lower than a given percentage of observed inputs (x i 6 ax io ) is equivalent to a constraint imposing target costs to be lower than a given percentage of observed costs (w i x i 6 aw i x io which is equivalent to C i 6 aC io ).
The input and output constraints considered in this application are that input and output levels should not vary by more than 30% above or below their observed level. These constraints, assuming the form shown in (8), can be directly incorporated into the maximum profit model (2). 0:7x io 6 x i 6 1:3x io ; 0:7y ro 6 y r 6 1:3y ro :
As far as the measurement of technical efficiency is concerned, the imposition of constraints (8) may imply projections, which are not Pareto-efficient. This means that the CT model (3) cannot be used together with constraints on target input and output levels, as that model forces projections to be on Pareto-efficient facets. As an alternative, to measure technical efficiency in the presence of input and output constraints, we use model (9).
k j y rj : 6 1:3y ro ; X n j¼1 k j x ij P 0:7x io ; k j P 0; 0 6 h 6 1; b P 1
The constrained model (9) uses an equiproportional factor for contracting inputs and a different equiproportional factor for expanding outputs. The objective function of (9) is therefore a special case of the GDF measure where all inputs and outputs are assumed to change in the same proportion. The above model can result in some non-zero slacks, which can be accounted for by calculating the GDF a posteriori using the targets ( P n j¼1 k j x ij , P n j¼1 k j y rj ) resulting from (9). Note that, as we are measuring technical efficiency, we maintain in (9) the original assumption that inputs cannot be expanded (h 6 1) and outputs cannot be contracted (b P 1) towards the technical efficient frontier. This means that only upper bounds are required on output changes and only lower bounds are required on input changes. Note that the constraints restricting target inputs and outputs result in b values that are no larger than 1.3 and h values that are no lower than 0.7.
Constrained maximum profit
Using the above constrained models we have re-done the calculations for our sample of bank branches. In Table 5 we consider again some detailed results for branch B8.
The technical efficient targets and maximum profit targets of branch B8 are much closer to observed values than before, and also much closer between each other. After reaching the technological constrained frontier branch B8 only needs to change its inputs to become a profit maximising unit. As a result, allocative efficiency is now much higher than before (97.24% ( ¼ 0.6797/0.69897) as opposed to a value of 46.04% for the unconstrained long run profit model).
As far as the maximum profit model is concerned all the branches have at least one of the ratios between maximum profit target outputs and observed outputs equal to the upper bound of 1.3. This means that this upper bound is the main impediment to units increasing their profits. The bounds on inputs, in contrast, do not have a big impact on both the maximum profit and the technical efficiency models as most of these bounds are not binding.
The detailed results for all units are presented in Table 6 . These results show an average profit inefficiency that is now lower than before (20.35% compared to 39.43% in the unconstrained long run model). The main difference between this model and the long run model concerns the factors that most explain overall profit inefficiency. In the short run constrained model most of the profit inefficiency is explained by technical inefficiency, which is on average 15.36%. Allocative effects are very small as confirmed by an average allocative inefficiency of 8.3%.
Several branches in Table 6 have overall and allocative profit efficiency values greater than 1. The interpretation here is the same as before, i.e. efficiency values higher than 1 indicate geometric average changes in inputs that are higher than geometric average changes in outputs, meaning that between the two points being considered, though profit increases, aggregate productivity decreases and therefore these movements might not be advisable.
In terms of overall profit gains these amount to 91.283 thousand Euros, of which 40.73 thousand Euros are obtained by technical constrained movements and the remaining 50.553 thousand Euros by allocative movements. Though allocative inefficiency is now much lower than before, allocative movements still generate higher profit gains than technical efficiency movements. This is an expected result because technical movements do not take into account factor prices. The above allocative profit gains and allocative efficiency values, therefore, tell us that very small input and output quantity movements are required to considerably increase profit.
We did not show in Table 6 the decomposition of allocative efficiency into its mix and scale effect because in the constrained model technical efficient projections (as resulting from model (9)) do not necessarily lie on the Pareto-efficient frontier. This means that a movement from the technical projection to the maximum profit point is not necessarily a movement along the production frontier and therefore the scale concept loses its meaning. Some results from constrained maximum profit models In this paper a newly developed procedure for calculating and decomposing profit efficiency is applied to a sample of Portuguese bank branches. This procedure is based on a measure of efficiency called GDF, which is a measure of the adjustments required in inputs and outputs to move from an observed point to a given target (on the technical frontier or on the profit frontier). The GDF approach was first applied to our data set assuming that all production factors were variable (long run models). Long run models may yield unrealistic targets to be attained in the short run. In addition, such models identify most of the profit inefficiency linked with allocative inefficiency. High allocative inefficiency implies that large input/output changes are required for a unit to move from a technical efficient projection to a maximum profit point. Such changes may be too big to be carried out in the short run. For this reason, short run constrained models were put forward so that more realistic targets could be proposed to bank branches. The constrained models result in smaller profit inefficiencies, which are mainly attributed to technical inefficiency rather than to allocative inefficiency. Small values of allocative inefficiency imply small input/output changes for a unit to move from a technical efficient projection to a maximum profit point. These small adjustments are guided by factor prices and therefore it is likely that profit gains are substancial. In our short run application, though technical inefficiency is higher than allocative inefficiency, profit gains resulting from eliminating allocative inefficiency are higher than those obtained from the elimination of technical inefficiency. 
